Purpose
Cervicogenic headache (CH) is a referred pain from cervical structures innervated by the three upper cervical spinal nerves. Anesthetic blocks of cervical structures or related nerves can provide a temporary relief of pain, which may suggest that the pain could be due to a neck disorder [1, 2] .Possible causes of CH are atlantooccipital joint, atlantoaxial joint, zygapophyseal joint, intervertebral disc, and upper cervical spinal nerve pathologies. However, there is an agreement that degenerative changes in the cervical spine do not necessarily correlate with pain [1] .The pain in CH may originate from various anatomic structures in the cervical spine. The diagnostic value of such changes is still controversial and their relevance in CH is unknown. Many studies have indicated that CH may originate from cervical structures innervated by the upper cervical spinal nerves and by the trigeminal nerve branches [3] . None of the studies published to date has investigated whether narrowing of the craniovertebral and/or cervicomedullary angle (CVA, CMA) affects the trigeminal nerve branches and three upper cervical spinal nerves via stretching, thereby causing pain.
The aim of this study was to investigate the effect of CVA and/or CMA narrowing on the occurrence of CH.
Methods and Materials
Two hundred and five patients diagnosed with CH between January 2011 and May 2012 were included in the study. Patients were excluded in the presence of: hyperlipidemia, hypertension, rheumatoid arthritis, abnormal findings in brain magnetic resonance imaging (MRI) (multiple sclerosis [MS] , tumors, infarct, ischemic gliosis, vascular malformation, fracture, or infection), or diagnosis of primary headache such as migraine, tension-type or cluster-type headache. The pain scores were determined using a visual analogue scale ranging from 1 to 4 (4 pain groups), with four indicating the highest pain level. The non-headache control group (group 0) consisted of 40 volunteers with similar demographic characteristics to those of the pain group. Brain MRI was performed in all.
The MRI examinations were performed in a routine supine natural position using a 1.5-Tesla unit. This natural position places the head in slight extension, and represents the position in all static clinical MRIs that are obtained for the measurement of CVA and CMA. All images were taken according to a standard protocol using axial and sagittal T2-weighted turbo spin echo, axial fluid-attenuated inversion recovery and axial T1-weighted spin echo sequences. In this study, brain MRI images of the pain and control groups all included the first two upper cervical vertebrae. Midline sagittal images of the T2-weighted series were used to obtain measurements. The CVA is constructed by drawing a line along the clivus and extrapolating it inferiorly into the upper cervical spinal canal (Fig.  1) . The angle between the two lines on the ventral side of the medulla oblongata and upper cervical spinal cord constituted the CMA (Fig. 2) . The CVA and CMA values were measured by two radiologists who were blinded to the other's results. CVA and CMA values were measured on two occasions by each radiologist with a four-week interval. 
Results
Two hundred and forty-five subjects were included in the study. The pain and control groups distribution were calculated with statistical in the pre-assessment in accordance. The pain group consisted of 205 patients (135 females, 70 males; mean age: 31.75 range: 14-78), while the non-headache control group consisted of 40 volunteers (20 females, 20 males; mean age: 31.15±7.28, range: 20-55 years) with similar demographic characteristics to those of the pain group. We divided patients into 4 groups according to the pain scores. There were 49 patients in pain group 1 (30 females, 19 males; mean age: 33.43±8.81, range: 14-50 years), 59 patients in pain group 2 (30 females, 29 males; mean age: 33.56±10.53, range: 18-78 years), 52 patients in pain group 3 (38 females, 14 males; mean age: 31.10±8.24, range: 16-47 years), and 45 patients in pain group 4 (37 females, 8 males; mean age: 29.96±9.77, range: 18-60 years). The control group was indicated as group 0. Ages were comparable among the four pain groups and controls (p=0.167), and there was also no age difference between the gender groups (p=0.342).
Intraclass correlation coefficients (ICCs) were found to be over 98% for all measurements (p<0.001) ( Table 1) .
Pain scores increased with decreasing CVA values, and the difference was statistically significant (p<0.001). There was no difference in CVA values between the control group (group 0) and pain group 1 (p=0.685). However, CVA values were different between all other pain groups and when compared to groups 0 and 1 (p<0.05).
Pain scores also increased with decreasing CMA values, and the difference was statistically significant (p<0.001). There was no difference in CMA values between pain groups 2 and 3 (p=0.069). However, CMA values were different between the other pain groups and when compared to pain groups 2 and 3 (p<0.05).
The relationship between CVA and CMA values was proportional in the control and pain groups (p<0.001). In the control group, there was a 64.8% correlation between CVA and CMA values. In the pain group (totally 205 patients), there was an 80.6% correlation between CVA and CMA values.
The relationship between the CMA and CVA values and pain scores was statistically significant for each group (Tables 2, 3 ). 
Conclusion
Cervicogenic headache (CH) is a referred pain from cervical structures innervated by the three upper cervical spinal nerves. Anesthetic blocks of cervical structures or related nerves can provide a temporary relief of pain, which may suggest that the pain could be due to a neck disorder [1] .
Possible causes of CH are atlantooccipital joint, atlantoaxial joint, zygapophyseal joint, intervertebral disc, and upper cervical spinal nerve pathologies. However, there is an agreement that degenerative changes in the cervical spine do not necessarily correlate with pain [1, 2].The diagnostic value of such changes is still controversial and their relevance in CH is unknown. Many studies have indicated that CH may originate from cervical structures innervated by the upper cervical spinal nerves and by the trigeminal nerve branches [3] .
The differential diagnosis of CH is difficult in practice. Cervical structures facilitate the pain; however, it is not limited to neck pain. The pain in CH radiates from the back to frontal regions, and is also a referred pain from cervical structures innervated by the three upper cervical spinal nerves and trigeminal nerve branches [2] . In view of the difficulty in clinical diagnosis, the International Headache Society (IHS) developed new diagnostic criteria for CH in 2004 [1].
The pathogenesis of CH is not clear, and starts earlier in life (approximately 32-35 years of age) [4] ; thus, most cases are not caused by spondylosis. Schellhas et al. mapped the extraspinal pain in radicular distribution as well as distant or referred pain related to different levels of the cervical spine [5] . Fukui et al. showed that the C2/3 to C7/Th1 joints are related to a pain distribution pattern that does not involve trigeminal areas. C2/3 and C3 stimulation can produce occipital pain, but no headache at the forehead [6] . All these studies indicate that the vast majority of neck lesions do not produce CH and cannot explain the CH source. Therefore, we considered that the CH source might be due to CVA and CMA narrowing.
Signs and symptoms are variable in CVJ abnormalities, although the majority of signs and symptoms may lead the patient to consult a neurologist or neurosurgeon. Today, it is easy to evaluate the CVJ on sagittal MRI study of the brain on a daily basis in the large number of patients undergoing MRI. The CMA was first described by Bundschuh et al. as the angle subtended by the lines drawn parallel to the ventral surfaces of the medulla and upper cervical cord on MRI. Bunschuh et al. reported that there was a strong correlation between CMA values less than 135° and clinical evidence of cervical myelopathy, brainstem compression or C2 root pain [7] . In some current studies, the average CMA values were reported as 155.2°a nd 163° respectively [7, 8] .
The CVA is formed with a line constructed along the posterior surface of the axis body and the odontoid process (Wackenheim clivus baseline or clivus-canal angle) [9] . The CVA normally ranges from 150° in flexion to 180° in extension [10] . Ventral spinal cord compression may occur when the angle is less than 150° [10] .
Our control groups' average CMA value was 159.5 (4±SD) (range: 158.2-160.8) and the average CVA value was 153.3 (4.9±SD) (range: 151.7-154.8). However, in the pain groups, the average CMA and CVA values were significantly narrow (Tables 2, 3 ). An inverse relationship was demonstrated, with pain scores increasing with decreasing CVA and CMA values, and the difference was statistically significant.
Limiting factor in our study was insufficient number of control group. If the number of control group was close to the total number of control group (totally 205), we could give a cut of value of the CVA and CMA for occurence of pain.
Today, brain MRI is applied in patients presenting with headache to exclude organic causes. During the evaluation of the brain MRI in these patients, craniovertebral angle and cervicomedullary angle measurements obtained from the sagittal images should be mentioned in the report.
